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INTRODUCTION

S p e c i f i c b i n d i n g o f c a r b o h y d r a t e s b y p r o t e i n s h a s b e e n t h e f o c u s o f i n c r e a s e d s t u d y d u r i n g t h e l a s t f i f t e e n y e a r s . T h i s a c t i v i t y r e f l e c t s t h e s o p h i s t i c a t i o n o f i n s t r u m e n t a t i o n a n d e x p e r i m e n t a l d e s i g n i n b o t h c a r b o h y d r a t e a n d p r o t e i n c h e m i s t r y . T h e m o s t p r e c i s e d e t a i l o f p r o t e i nc a r b o h y d r a t e c o m p l e x e s h a v e come f r o m X -r a y c r y s t a l l o g r a p h i c s t u d i e s a t h i g h r e s o l u t i o n <2.08, ( r e f . l), a l t h o u g h o n l y a few p r o t e i n s t r u c t u r e s h a v e b e e n r e f i n e d t o t h i s d e m a n d i n g l e v e l o f r e s o l u t i o n . P r o t e i n -s a c c h a r i d e s y s t e m s s t u d i e d i n g r e a t e s t d e t a i l h a v e b
e e n r e a d i l y a v a i l a b l e e n z y m e s ( r e f . 2 -4 ) , l e c t i n s ( r e f . 5 -8 ) a n d myeloma p r o t e i n s ( r e f . 9 & 10). H o w e v e r , i n c r e a s i n g l y , a n t i b o d i e s d e r i v e d f r o m s o m a t i c c e l l f u s i o n ( r e f . 1 1 ) h a v e b e e n s t u d i e d ( r e f . 12-16) a n d g e n e t i c a l l y e n g i n e e r e d a n t i b o d i e s a n d l e c t i n s h a v e r e c e n t l y b e e n p r o d u c e d ( r e f . 17-19). T h e a d v a n t a g e s o f f e r e d b y t h e l a t t e r a p p r o a c h e s r e s i d e b o t h i n t h e a b i l i t y t o s e l e c t c o m b i n i n g s i t e s d i r e c t e d t o a n t i g e n s o f i n t e r e s t s u c h a s t h e human b l o o d g r o u p a n t i g e n s ( r e f . 12 & 13) a n d , s e c o n d l y , t o s p e c i f i c a l l y a l t e r a m i n o a c i d r e s i d u e s i n t h e c o m b i n i n g s i t e ( r e f . 18). T h i s p a p e r r e p o r t s t h e g e n e r a t i o n a n d s e l e c t i o n o f m o n o c l o n a l a n t i b o d i e s by t h e h y b r i d o m a t e c h n i q u e ( r e f . ll), a n d t h e s t u d y o f t h e c o m b i n i n g s i t e s b y X -r a y c y s t a l l o g r a p h y a n d a m i n o a c i d s e q u e n c i n g i n c o m b i n a t i o n w i t h a d e l i n e a t i o n o f t h e s t r u c t u r a l r e q i r e m e n t s a n d f e a t u r e s o f t h e c o m b i n i n g s i t e s r e v e a l e d b y c o m p e t i t i v e i n h i b i t i o n s t u d i e s u t i 1 i z i n g s y n t h e t i c o l i g o s a c c h a r i d e s . As a w o r k i n g h y p o t h e s i s t h e f o l l o w i n g a s s u m p t i o n s a r e made ( c f . r e f . 14): -( i ) t h e c o n f o r m a t i o n o f o l i g o s a c c h a r i d e i n t h e b o u n d s t a t e c l o s e l y r e s e m b l e s t h e m u l t i p l e l o w e n e r g y c o n f o r m e r s t h a t a r e d e t e c t e d by c o n f o r m a t i o n a l a n a l y s i s u s i n g h i g h r e s o l u t i o n ' H a n d "C N M R s p e c t r o s c o p y (ref.
and molecular modelling of natural and modified inhibitors based upon such predictions are considered to hold-provided these are consistent with N M R data, ( i i i ) the exo-anomeric effect, which is strengthened in aqueous environment (ref. Three antigen-antibody systems, each of which has yielded a crystalline antibody fragment (Fab) in the presence of oligosaccharide inhibitor, are the subject of study in this laboratory. These are: a) Brucella A and M antigens, b) Shigella flexneri Y polysaccharide, c) Salmonella serogroup B polysaccharide.
These three antigens were chosen because all three contain interglycosidic linkages that involve only secondary hydroxyl groups, a condition that confines inter-residue flexibility to two torsional angles @ and $ rather than the three torsional angles *,$ and w that are required to describe the degrees of freedom of 1,6 linkages. Investigations of the dextran and galactan binding monoclonal antibodies have dealt extensively with flexible antigens of this type (ref. Diffraction data has been collected for crystals of a ligand-antibody complex. The importance of the latter data cannot be overemphasized, since thermodynamic data is difficult to interprete without a well developed model of the protein combining site even when it involves as impressive an array of structurally modified ligands as those recently used to probe the blood group antigen binding sites of antibodies and lectins (ref. 6 , 7 , 1 3 & 
Since a number of oligosaccharides have crystallized a s a complex with the lectin IV of Criffonia simplicifolia, correlation of thermodynamic data of this type with a detailed crystal structure should soon be available (ref. The objective of the studies reported here has been to use a limited number of synthetic oligosaccharides to map the antibody binding site, and in conjunction with crystallographic studies of Fab fragments develop an unambiguous model that accounts for the specificity and energetics of the molecular recognition.
BINDING ASSAY A N D SELECTION OF MONOCLONAL ANTIBODIES
The details of the hybridoma technique (ref. 1 1 ) for the production of monoclonal antibodies are well established and it is generally appreciated that speed, sensitivity and accuracy are the major considerations when selecting putative clones for further investigation. This must be accomplished approximately ten to twelve days after the fusion experiment, when it is not uncommon to be faced with the assay of culture supernatants from approximately 3 0 0 microculture wells. Lipopolysaccharide coated enzyme immunoassay (EIA) .plates were used to identify polysaccharide specific antibodies and those wells exhibiting the highest colour response are recloned in the expectation that the strongest colour response not only reflects antibody concentration but also antibody affinity (ref. 3 9 ) . This assay is often referred to as an indirect EIA or ELISA (Fig. l a ) . Although well suited to rapid screening the assay response is dependent on both antibody concentration and avidity. The latter parameter is also dependent A ) I n d i r e c t E I A w i t h L P S a n t i g e n bound t o t h e a s s a y p l a t e is u s e d t o d e t e c t s p e c i f i c a n t i b o d y by u s i n g a n enzyme l i n k e d t o a g o a t a n t i -m o u s e i m m u n o g l o b u l i n r e a g e n t . B ) D i r e c t d e t e c t i o n u s e s a n t i g e n c o v a l e n t l y a t t a c h e d t o enzyme t o p r o v i d e t h e s i g n a l s f o r b o u n d a n t i g e n .
u p o n a n t i b o d y c l a s s (IgM v s . I g C ) , a n d s i n c e c l o n e s o f i n t e r e s t l i k e l y g r o w a n d s e c r e t e a n t i b o d y a t d i f f e r e n t r a t e s , a s w e l l a s b e l o n g t o a d i f f e r e n t I g C s u b c l a s s , a m o r e d i s c r i m i n a t i n g a s s a y i s r e q u i r e d f o r t h e f i n a l s e l e c t i o n o f h y b r i d -m y e l o m a c l o n e s . F o r t h e s e r e a s o n s p r e v i o u s a t t e m p t s t o s e l e c t a n t i b o d i e s o n t h e b a s i s o f b i n d i n g p r o f i l e s w i t h a r a n g e o f g l y c o c o n j u g a t e s e a c h c o n t a i n i n g a u n i q u e o l i g o s a c c h a r i d e d e t e r m i n a n t were o n l y p a r t i a l l y s u c c e s s f u l i n s e l e c t i n g t h e h i g h e s t a f f i n i t y a n t
i b o d i e s ( r e f . 40). T h e s e r e s u l t s a g r e e w i t h d e t a i l e d i n v e s t i g a t i o n s o f t h e p a r a m e t e r s a f f e c t i n g e n d p o i n t t i t r a t i o n s d e t e r m i n e d by i n d i r e c t E I A ( r e f . 4 1 1. D i r e c t c o m p e t i t i v e E I A i n w h i c h t h e a n t i b o d y i s b o u n d t o t h e a s s a y p l a t e a n d p r o b e d by l a b e l l e d a n t i g e n ( F i g . l b ) w i t h o r w i t h o u t a d d e d i n h i b i t o r p r o v i d e s a m o r e r e l i a b l e e s t i m a t e o f a n t i b o d y a f f i n i t y o r , i n t h e c a s e o f p o l y v a l e n t a n t i g e n s , a v i d i t y . T h u s a B r u c e l l a s p e c i f i c a n t i b o d y t h a t b o u n d t h e M a n d A p o l y s a c c h a r i d e a n t i g e n s w i t h n e a r l y i d e n t i c a l e n d -p o i n t t i t r e s was shown b y d i r e c t c o m p e t i t i v e E I A t o e x h i b i t a f o u r h u n d r e d f o l d h i g h e r a v i d i t y f o r t h e
M r e l a t i v e t o t h e B r u c e l l a A a n t i g e n ( r e f . 4 2 ) .
CONJUGATES WITH SYNTHETIC OUGOSACCHARIDES
COMJUGATES wrm POLYSACCHARIDES r 1 ENZYME BKmN
F i g . 2 . S t r a t e g i e s t o c o v a l e n t l y l i n k c a r b o h y d r a t e s t o e n z y m e s . S y n t h e t i c o l i g o s a c c h a r i d e s a r e c o u p l e d v i a a p u r p o s e b u i l t s p a c e r . P o l y s a c c h a r i d e s a r e r e a c t e d a t t h e r e d u c i n g t e r m i n u s o r o t h e r a l d e h y d e f u n c t i o n s , i n t r o d u c e d by m i l d p e r i o d a t e o x i d a t i o n . R e d u c t i v e a m i n a t i o n d i r e c t l y w i t h t h e enzyme ( i n e f f i c i e n t ) o r w i t h 1 . 3 -d i a m i n o p r o p a n e f o l l o w e d by b r i d g i n g t o a n enzyme v i a a b i f u n c t i o n a l s p a c e r r e a g e n t y i e l d s a c t i v e enzyme c o n j u g a t e s . A c t i v a t e d b i o t i n was c o u p l e d d i r e c t l y t o a m i n a t e d p o l y s a c c h a r i d e . I n o r d e r t o p e r f o r m c o m p e t i t i v e a s s a y s o f t h i s t y p e a n t i g e n l a b e l l e d t o a h i g h s p e c i f i c a c t i v i t y w i t h a r a d i o a c t i v e i s o t o p e o f s h o r t h a l f l i f e a r e o f t e n e m p l o y e d ( r e f . 4 3 ) . A l t e r n a t i v e l y , enzyme l a b e l l e d a n t i g e n s may b e u s e d ( r e f . 4 4 ) .
A l t h o u g h t h e s e t y p e s o f c o n j u g a t e h a v e f o u n d g e n e r a l u s e i n d r u g a s s a y p r o t o c o l s , l i t t l e i f a n y e f f o r t h a s b e e n made t o p r e p a r e a n d u s e c a r b o h y d r a t e -e n z y m e c o n j u g a t e s . 
T h r e e t y p e s o f c o n j u g a t e h a v e b e e n p r e p a r e d t o a d d r e s s t h i s a p p l i c a t i o n ( F i g . 2). O l i g o s a c c h a r i d e g l y c o s i d e s o f 8 -m e t h o x y c a r b o n y l o c t a n o l were c o u p l e d t o enzyme by m i l d a n d e f f e c t i v e m e t h o d s ( r e f . 4 4 ) b a s e d u p o n t h e c o r r e s p o n d i n g a c y l a z i d e ( r e f . 2 9 ) . T h e m i l d c o n d i t i o n s e m p l o y e d p r o v i d e d a n enzyme c o n j u g a t e t h a t r e t a i n e d a t l e a s t
B i o t i n 1 -h y d r o x y s u c c i n i m i d e e s t e r was r e a c t e d w i t h t h e a m i n a t e d f o r m o f t h e p o l y s a c c h a r i d e . The b i o t i n y l a t e d p o l y s a c c h a r i d e was bound t o t h e s o l i d p h a s e a n t i b o d y a n d i n t u r n was d e t e c t e d by a h o r s e r a d i s h p e r o x i d a s e -a v i d i n c o n j u g a t e ( r e f . 4 8 ) . S i n c e b i n d i n g a n d i n h i b i t i o n a r e e s t a b l i s h e d p r i o r t o c r o s s -l i n k i n g o f b
o u n d a n t i g e n by t h e d e t e c t i o n r e a g e n t , t h e e f f e c t s o f p o l y v a l e n c e were c i r c u m v e n t e d ( u n p u b l i s h e d r e s u l t s ) . E m p l o y i n g a n a s s a y o f t h i s t y p e p e r m i t t e d a s i m p l e a n d r a p i d c o m p a r i s o n o f r e l a t i v e i n h i b i t o r y p o w e r s f o r a w i d e r a n g e o f s t r u c t u r a l l y r e l a t e The a c c u r a c y o f t h i s d a t a i s c o n s i d e r e d t o b e w e l l w i t h i n t h e c u r r e n t c a p a b i l i t y t o m e a n i n g f u l l y a c c o u n t f o r s u c h small c h a n g e s o f b i n d i n g e n e r g y .
d o l i g o s a c c h a r i d e s . I n a d d i t i o n i t was shown t h a t a t 5 0 % i n h i b i t i o n t h e c o n c e n t r a t i o n o f a u n i v a l e n t i n h i b i t o r was i n v e r s e l y p r o p o r t i o n a l t o t h e a s s o c i a t i o n c o n s t a n t , KA ( r e f . 4 4 ) .
Enzyme l a b e l l e d a n t i g e n s p r o v e d t o b e a r e l i a b l e a l t e r n a t i v e t o r a d i o l a b e l l e d p o l y s a c c h a r i d e s o r o l i g o s a c c h a r i d e s ( r e f . 4 3 ) s i n c e t h e y p o s s e s s e d a l o n g e r s h e l f l i f e . H o w e v e r , s i n c e t h e d e t e c t i o n o f a n t i g e n d e p e n d s u p o n a s e c o n d a r y r e a c t i o n s e n s i t i v e t o f a c t o r s a s s o c i a t e d w i t h t h e r e a l i z a t i o n o f e n z y m i c a c t i v i t y , t h e enzyme b a s e d c o m p e t i t i v e E I
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F i g . 3 . C o m p e t i t i v e i n h i b i t i o n b a s e d upon s o l i d p h a s e a n t i b o d y b i n d i n g b i o t i n l a b e l l e d
A p o l y s a c c h a r i d e a n t i g e n a n d i n h i b i t e d by t h e t h r e e u n l a b e l l e d p o l y s a c c h a r i d e s A , M a n d Y e r s i n i a e n t e r o c o l i t i c a 0 : 9 ( s i m i l a r s t r u c t u r e t o t h e A a n t i g e n ) . A ) A n t i b o d y I . B ) A n t i b o d y 11.
BRUCELLA ANTIGENS AND ANTIBODIES
The B r u c e l l a A and M p o l y s a c c h a r i d e a n t i g e n s a r e homopolymers o f 4,6-dideoxy-4-formamido-D-mannose.
W h i l s t t h e A a n t i g e n i s an a 1 , 2 l i n k e d p o l y s a c c h a r i d e ( r e f . 4 9 ) , t h e M a n t i g e n i s a p o l y m e r of l i n e a r p e n t a s a c c h a r i d e r e p e a t i n g u n i t s c o n t a i n i n g f o u r a 1 , 2 a n d o n e a 1 , 3 l i n k a g e s ( r e f . 5 0 ) . A n t i b o d i e s g e n e r a t e d i n BALB/c m i c e e x h i b i t o n e of t h r e e b i n d i n g p r o f i l e s w i t h t h e M a n d A a n t i g e n s .
The
A n t i b o d y I , an I g G 2 b , b i n d s t h e A a n t i g e n e l e v e n h u n d r e d t i m e s more s t r o n g l y t h a n t h e M p o l y s a c c h a r i d e ( F i g . 3 a ) .
The A a n d M a n t i g e n s a r e bound w i t h e q u a l a f f i n i t y by a n t i b o d y 1 1 , a n IgC3 ( F i g . 3 b ) .
F i g . 4. The A a n t i g e n p r e s e n t e d a s a n o c t a s a c c h a r i d e C P K m o d e l . The f o r m a m i d o m o i e t i e s a r e o b s e r v e d a t t h e p e r i p h e r y o f t h e a n t i g e n ' s sur f a c e .
Removal o f t h e f o r m a m i d o r e s i d u e s from e i t h e r t h e A o r M a n t i g e n f o l l o w e d b y N -a c e t y l a t i o n p r o d u c e d amino a n d & -a c e t y l a t e d p o l y m e r s w i t h f u n c t i o n a l a f f i n i t i e s o n e t h o u s a n d f o l d l o w e r t h a n t h e n a t u r a l a n t i g e n . T h i s i m p l i e d t h a t t h e formamido r e s i d u e was an immunodominant f e a t u r e ( F i g . 4) a l t h o u g h t h e p o s s i b i l i t y t h a t e i t h e r o f i t s r o t o m e r i c f o r m s may be p o p u l a t e d i n t h e bound s t a t e m u s t b e c o n s i d e r e d ( r e f . 5 1 ) . Based upon t h e homology o f t h e two a n t i g e n s i t was c o n c l u d e d t h a t a n t i b o d y I 1 r e c o g n i z e d a n e p i t o p e common t o t h e A a n d M p o l y m e r s , a n d a n t i b o d y I bound a d i s t i n c t i v e A d e t e r m i n a n t . The most p l a u s i b l e e x p l a n a t i o n f o r t h e s e b i n d i n g c h a r a c t e r i s t i c s i n v o l v e d t h e s i z e o f t h e r e s p e c t i v e a n t 
t r a n s e s t e r i f i c a t i o n . The p r o d u c t o f t h i s r e a c t i o n , t h e d i s a c c h a r i d e t h i o g l y c o s i d e 5 was a most e f f e c t i v e d e r i v a t i v e f o r b l o c k s y n t h e s i s o f t h e o l i g o m e r i c s e r i e s u p t o a p e n t as a c c h a r i d e ( r e f . 3 0 ) . T h u s r e a c t i o n o f 2 w i t h t h e g l y c o s y l a c c e p t o r a y i e l d s a t e t r a s a c c h a r i d
S i z e o f t h e A n t i b o d y I 1 C o m b i n i n g S i t e I n h i b 1 t o r A s s o c i a t i o n R e l a t i v e f r e e S t r u c t u r e C o n s t a n t e n e r g y K c a l / K A ( L / m o l e ) m o l e A(AC) T A B L E 2 . S i z e o f t h e A n t i b o d y I C o m b i n i n g S i t e I n h i b i t o r A s s o c i a t i o n R e l a t i v e f r e e S t r u c t u r e C o n s t a n t e n e r g y ( K c a l / K A ( L / m o l e ) m o l e ) A(AC)
[
Rh4NFo. 4 , 6 -d i d e o x y -4 -F o r m a m i d o -
D -m a n n o p y r a n o s e
I n h i b i t i o n by t h e s e o l i g o s a c c h a r i d e s o f t h e b i n d i n g o f a b i o t i n y l a t e d d e r i v a t i v e o f t h e A p o l y s a c c h a r i d e t o a n t i b o d i e s I a n d I1 a b s o r b e d t o E I A p l a t e s showed t h a t t h e a s s o c i a t i o n c o n s t a n t K A i n c r e a s e d w i t h i n c r e a s i n g i n h i b i t o r c h a i n l e n g t h . A p l a t e a u was r e a c h e d f o r a n t i b o d y I 1 w i t h t h e t e t r a s a c c h a r i d e g l y c o s i d e a n d t h e p e n t a s a c c h a r i d e g l y c o s i d e was o n l y a s e f f e c t i v e o n a m o l a r b a s i s a s t h e t e t r a s a c c h a r i d e ( T a b l e 1 ) . A n t i b o d y I showed no p l a t e a u a l t h o u g h t h e i n c r e m e n t a l b i n d i n g f o r t h e a d d i t i o n o f t h e f i f t h p y r a n o s e r e s i d u e was o n l y 0 . 6 K c a l / m o l e ( T a b l e 2 ) . T h e s e d a t a s u p p o r t t h e e a r l i e r i n f e r e n c e t h a t a n t i b o d y I i s a b l e t o d i s c r i m i n a t e t h e B r u c e l l a A a n d M a n t i g e n s b e c a u s e i t s c o m b i n i n g s i t e r e q u i r e s a t l e a s t f i v e c o n t i g u o u s 1 , 2 -l i n k e d -4 , 6 -d i d e o x y -4 -f o r -m a m i d o -D -m a n n o s e r e s i d u e s . A n t i b o d y I p r e c i p i t a t e s t h e A p o l y s a c c h a r i d e a n d a n t i b o d y I1 p r e c i p i t a t e s b o t h t h e A a n d M a n t i g e n , f a c t s w h i c h i m p l y t h a t t h e a n t i g e n i s bound a t m u l t i p l e s i t e s a l o n g t h e p o l y m e r c h a i n s . T h i s t y p e o f b i n d i n g n e c e s s a r i l y r e q u i r e s t h e p o l y s a c c h a r i d e t o o c c u p y a g r o o v e t y p e c o m b i n i n g s i t e ( r e f . 3 2 ) . T h i s c o n c l u s i o n a p p e a r s t o b e s u p p o r t e d by t h e c r y s t a l s t r u c t u r e a n d m o d e l l i n g s t u d i e s .
X-RAY CRYSTALLOGRAPHY A N D SEQUENCE STUDIES
Amino a c i d s e q u e n c i n g o f t h e h e a v y ( H I a n d l i g h t (L) c h a i n s d e r i v e d f r o m a n t i b o d y I h a s b e e n c o m p l e t e d ( u n p u b l i s h e d r e s u l t s ) . T h e s e d a t a show t h a t t h e H c h a i n i s e n c o d e d by a germ l i n e g e n e w h i c h i s c l o s e l y r e l a t e d t o t h e g e n e f o r t h e H c h a i n o f t h e myeloma p r o t e i n MOPC 6 0 3 ( r e f . 5 2 ) . T h e s e q u e n c e o f t h e L c h a i n r e s e m b l e s t h a t f o u n d i n h y b r i d o m a a n t i b o d i e s t h a t b i n d t h e
p -p h e n y l a r s o n a t e a n d t h e 2 -p h e n y l o x a z o l o n e l i g a n d s ( r e f . 5
) . I n f a c t , t h e L c h a i n s h o w s h i g h e s t h o m o l o g y w i t h a human B e n c e -J o n e s p r o t e i n R E I . S i n c e t h e c r y s t a l s t r u c t u r e s o f MOPC 6 0 a n d R E 1 h a v e b e e n s o l v e d , we h a v e i n i t i a t e d m o d e l l i n g s t u d i e s o f t h e F a b , w h i c h makes u s e o f t h e s e known s t r u c t u r e s t o i n f e r t h e s i t e o f a n t i b o d y I . T h i s a p p r o a c h is p r o c e e d i n g i n p a r a l l e l w i t h t h e c r y s t a l s t r u c t u r e s t u d y . B o t h s e t s o f d a t a s u g g e s t t h a t t h e p o l y s a c c h a r i d e is m o s t l i k e l y bound a t t h e s u r f a c e o f a s h a l l o w g r o o v e f o r m e d b e t w e e n t h e H a n d L d o m a i n s . Amino a c i d s t h a t a r e l o c a t e d a t s u r f a c e p o s i t i o n s i n t h i s r e g i o n
a r e t y r o s i n e , a r g i n i n e , a s p a r a g i n e , g l u t a m i n e a n d a s p a r t i c a c i d .
I t i s t e m p t i n g t o s p e c u l a t e t h a t c o n t a c t s w i t h t h e s e s i d e c h a i n s w i l l p r o v i d e b i n d i n g f e a t u r e s o f t h e t y p e r e p o r t e d f o r o t h e r c a r b o h y d r a t e b i n d i n g p r o t e i n s ( r e f . 1 1 , w h e r e p l a n a r d i c a r b o x y l i c a c i d s a n d a r o m a t i c r e s i d u e s c r e a t e b i n d i n g s u r f a c e s i n w h i c h h y d r o g e n -b o n d s a n d v a n d e r W a a l s i n t e r a c t i o n s p r o v i d e t h e s p e c i f i c i t y a n d e n e r g y o f a n t i g e n b i n d i n g . The m o s t s t r i k i n g f e a t u r e o f t h e g r o o v e b e t w e e n t h e H a n d L d o m a i n s i s t h e p r e s e n c e o f a s many a s e i g h t t y r o s i n e r e s i d u e s a l o n g i t s p e r i p h e r y .
C r y s t a l s f o r m e d i n t h e p r e s e n c e o f t h e p e n t a s a c c h a r i d e l i g a n d h a v e y e t t o a t t a i n a s i z e s u i t a b l e f o r c r y s t a l l o g r a p h i c a n a l y s i s . A t e t r a s a c c h a r i d e r e p e a t i n g u n i t o f t h e S h i g e l l a f l e x n e r i Y a n t i g e n w i t h r e s i d u e l a b e l l i n g B C D A (Rha-Rha-ClcNAc-Rha).
SHlGEL LA Y POLY SACCHARI D E T h i s p o l y s a c c h a r i d e h a s b e e n t h e s u b j e c t o f d e t a i l e d i n v e s t i g a t i o n s i n o u r l a b o r a t o r y b o t h i n s y n t h e s i s a n d s t u d i e s o f s o l u t i o n c o n f o r m a t i o n ( r e f . 25 & 2 8 ) . T h e m o s t r e l e v a n t s t u d y w i t h r e s p e c t t o t h i s p r e s e n t a t i o n i s t h e e x t e n s i o n o f t h e s y n t h e t i c work t o s p e c i f i c a l l y m o d i f i e d a n d d e o x y g e n a t e d o l i g o s a c c h a r i d e s i n a n e f f o r t t o i d e n t i f y t h a t p a r t o f t h e a n t i g e n w h i c h i s m o s t i n t i m a t e l y bound i n t h e a n t i b o d y c o m b i n i n g s i t e o f two m o n o c l o n a l a n t i b o d i e s p r e p a r e d a n d s e l e c t e d by t h e t y p e o f a p p r o a c h d e s c r i b e d e a r l i e r a n d r e p o r t e d i n p u b l i s h e d work ( r e f . 5 4 ) .
A ) B a l l a n d s t i c k m o d e l , B ) S p a c e -f i l l i n g m o d e l u s i n g v a n d e r Waal r a d i i r e d u c e d -2 0 % t o f a c i l i t a t e p r e s e n t a t i o n . T h i s o b j e c t i v e was t a c k l e d i n t h r e e s t a g e s . F i r s t l y , s i n c e t h e a n t i g e n may b e b o u n d a t n u m e r o u s s u r f a c e s a l o n g a p o l y s a c c h a r i d e c h a i n c o m p o s e d o f a t e t r a s a c c h a r i d e r e p e a t i n g u n i t ( F i g . 5 ) , t h e s i z e a n d e x t e n t o f t h e a n t i g e n i c d e t e r m i n a n t h a d t o b e i d e n t i f i e d . S e c o n d l y , t h e o r i e n t a t i o n o f t h i s u n i t t o w a r d t h e p r o t e i n s u r f a c e was e s t a b l i s h e d a n d f i n a l l y , a t t e m p t s t o i d e n t i f y t h e c r i t i c a l p o l a r c o n t a c t s a r e n e a r c o m p l e t i o n . 
i n e i t h e r t r i p l i c a t e o r d u p l i c a t e a n d r e l a t i v e i n h i b i t o r y p o w e r was m e a s u r e d a n d c o m p a r e d a t t h e p o i n t o f 5 0 % i n h i b i t i o n . Under t h e s e c o n d i t i o n s t h e a s s o c i a t i o n c o n s t a n t a n d h e n c e f r e e e n e r g y o f a s s o c i a t i o n c o u l d a l s o b e m e a s u r e d f o r u n i v a l e n t b i n d i n g .
The f r a m e s h i f t e d r e p e a t i n g u n i t B C D A ( F i g . 5 ) ( n a t u r a l r e p e a t i n g u n i t A B C D ) was c h o s e n a s t h e r e f e r e n c e p o i n t ( T a b l e 3). C h a n g e s i n b i n d i n g e n e r g y c a n b e s e e n f o r
e i t h e r t h e b i o l o g i c a l r e p e a t i n g u n i t A B C D o r t h e p e n t a s a c c h a r i d e A B C D A .
W i t h i n t h e a c c u r a c y o f t h e m e a s u r e m e n t s t h e s e d i f f e r e n c e s c a n n o t b e c o n s i d e r e d s i g n i f i c a n t . When t h e r h a m n o s e u n i t B i s o m i t t e d t h e t r i s a c c h a r i d e C D A s h o w s 1 . 8 K c a l / m o l e l o w e r b i n d i n g e n e r g y , b u t t h e d i f f e r e n c e o f b i n d i n g e n e r g y b e t w e e n t h e t e t r a s a c c h a r i d e A B C D a n d t h e t r i s a c c h a r i d e B C D is o n l y 0 . 6 K c a l / m o l e .
T h e r h a m n o s e t r i s a c c h a r i d e A B C d o e s n o t b i n d i n d i c a t i n g t h e e s s e n t i a l r o l e f o r t h e ClcNAc D r e s i d u e .
I t was c o n c l u d e d f r o m t h e s e d a t a t h a t t h e t e t r a s a c c h a r i d e B C D
A r e o r e s e n t s t h e f u l l e x t e n t o f t h e a n t i g e n s u r f a c e i n s i t e o f t h e SYA/J-6 a n t i b o d y . 
The r o l e o f s p e c i f i c m o d i f i c a t i o n was i n v e s t i g a t e d a t t h e t e t r a s a c c h a r i d e l e v e l by i n c o r p o r a t i o n o f L-mannose f o r e i t h e r r h a m n o s e u n i t B o r C .
T h i s h a s t h e e f f e c t o f i n t r o d u c i n g a s t e r i c a l l y d e m a n d i n g a n d p o l a r h y d r o x y l m e t h y l g r o u p i n p l a c e o f t h e n o n -p o l a r m e t h y l g r o u p . The f r e e e n e r g y c h a n g e s f o r t h e s e a l t e r a t i o n s a r e shown f o r t h e a n t i b o d i e s G C -4 ( F i g . 6 ) a n d SYA/J6 ( F i g . 7 ) . B o t h a n t i b o d i e s showed o n l y s m a l l c h a n g e s i n b i n d i n g e n e r g y f o r c h a n g e s a t C-6 o f r h a m n o s e B b u t t h e p r e s e n c e o f a h y d r o x y m e t h y l g r o u p a t The a m i d e n i t r o g e n d o e s h o w e v e r a p p e a r t o b e i m p o r t a n t s i n c e t h e r e p l a c e m e n t o f t h e 5-GlcNAc r e s i d u e by G l c r e s u l t s i n a 1 . 2 -2 . 0 K c a l / m o l e l o s s o f b i n d i n g e n e r g y .
T h e i n f e r e n c e s c o n c e r n i n g t h e a n t l g e n s u r f a c e i n c o n t a c t
w i t h t h e p r o t e i n c o m b i n i n g s i t e were c o n s i s t e n t w i t h t h e d a t a t h a t a i d e d t h e i d e n t i f i c a t i o n o f t h e p r i n c i p a l p o l a r c o n t a c t s .
T h e s e a r e m o s t e v i d e n t f o r t h e IgM a n t i b o d y G C -4 ( F i g . 6 ) .
D e o x y g e n a t i o n a t e i t h e r C -4 o r C-6 o f t h e GlcNAc r e s i d u e The c o n t r i b u t i o n o f r e s i d u e C e x h i b i t s a n i n t e r e s t i n g t r e n d s i n c e f o r b o t h a n t i b o d l e s d e o x y g e n a t i o n a t C -4 c a u s e s a t m o s t a 0 . 5 K c a l / m o l e l o s s o f b i n d i n g e n e r g y .
H o w e v e r , t h e 2 -d e o x y r h a m n o s e c o n t a i n i n g t r i s a c c h a r i d e B b D e x h i b i t s t i g h t e r b i n d i n g t h a n t h e n a t u r a l t e t r a s a c c h a r i d e s e q u e n c e B C D A .
T h e m a g n i t u d e o f t h i s c h a n g e i s 0 . 5 K c a l / m o l e f o r t h e GC-4 a n t i b o d y b u t -2.5 K c a l / m o l e f o r t h e SYA/J-6 a n t i b o d y ( F i g . 6 & 7 ) . T h e m o d e l p r o p o s e d t o a c c o u n t f o r t h e d a t a p r e s e n t e d , e n v i s a g e s 0-4 o f t h e GlcNAc r e s i d u e a s a c r u c i a l H -b o n d i n g r e s i d u e i n t h e c o m b i n i n g s i t e , w h i c h a l s o i n v o l v e s 0 -6 i n t h e c a s e o f a n t i b o d y G C -4 .
T h e a c e t a m i d o r e s i d u e i s e x p o s e d t o b u l k s o l v e n t a n d a n e x t e n d e d n o n -p o l a r s u r f a c e i s i n v o l v e d a d j a c e n t t o 0-4 o f t h e D r e s i d u e a n d s t r e t c h e s f r o m t h e a f a c e o f t h e GlcNAc r e s i d u e t o i n c l u d e t h e 5 f a c e o f t h e a-L-Rha r e s i d u e C .
R e p l a c e m e n t o f t h e C-2C h y d r o x y l g r o u p by a 2 -d e o x y f u n c t i o n r e m o v e s t h e o n l y h y d r o x y l m o i e t y t h a t d i s r u p t s a n o t h e r w i s e e x t e n s i v e n o n -p o l a r s u r f a c e ( F i g . 5 ) . T h i s s u r f a c e is c o n j e c t u r e d t o f o r m i m p o r t a n t v a n d e r Waals c o n t a c t s w i t h t h e c o m b i n i n g s i t e a n d d e o x y g e n a t i o n may e n h a n c e t h e s e c o n t a c t s or r e m o v e t h e e n e r g e t i c a l l y e x p e n s i v e a c c o m m o d a t i o n o f a n i s o l a t e d h y d r o x y l g r o u p . T h e c o n f o r m a t i o n d e p i c t e d f o r t h e a n t i g e n a n d i n h i b i t o r s ( F i g . 5 ) a r e s u p p o r t e d by ' H a n d "C N M R d a t a ( r e f . 2 5 ) a n d i t i s h o p e d t h a t t h e p r o p o s e d b i n d i n g mode w i l l b e v e r i f i e d by X -r a y d i f f r a c t i o n s t u d i e s o f a c r y s t a l l i n e F a b c o n t a i p i n g t h e p e n t a s a c c h a r i d e l i g a n d A B C D A a n d t h e d e o x y g e n a t e d t r i s a c c h a r i d e B C D . I t is o f i n t e r e s t t h a t 0 -2 o f r h a m n o s e C is t h e s i t e o f 0 -a c e t y l a t i o n i n some S h i g e l l a a n t i g e n s , a s t r u c t u r a l c h a n g e w i t h s i g n i f i c a n t s e r o l o g i c a l c o n s e q u e n c e s ( r e f . 5 5 ) .
S U M M A R Y A N D FUTURE PROSPECTS
B r u c e l l a a n t i b o d i e s h a v e b e e n shown t o p o s s e s s c o m b i n i n g s i t e s s p e c i f i c f o r t e t r a s a c c h a r i d e o r p e n t a s a c c h a r i d e d e t e r m i n a n t s .
T h e X -r a y s t r u c t u r e o f o n e s u c h a n t i b o d y i m p l i c a t e s t y r o s i n e a n d p o l a r a m i n o a c i d s i d e c h a i n s a s t h e m o s t l i k e l y r e s i d u e s t o c o n t a c t t h e p o l y s a c c h a r i d e a n t i g e n . Two S h i g e l l a a n t i T h e r e m o v a l o f a h y d r o x y l r e s i d u e f r o m a n o t h e r w i s e e x c l u s i v e l y n o n -p o l a r s u r f a c e of t h e i n h i b i t o r p r o v i d e s f o r b i n d i n g e n e r g i e s h i g h e r t h a n t h o s e o f t h e u n m o d i f i e d l i g a n d a n d i n t h e c a s e o f o n e a n t i b o d y t h i s i n c r e a s e was ca. 2 . 5 K c a l / m o l e . M a n i p u l a t i o n o f a n t i b o d y b i n d i n g s i t e s t o o b t a i n i m p r o v e d f i t o f a n t i g e n h a s become a p r a c t i c a l r e a l i t y by e m p l o y i n g t h e t e c h n i q u e s o f s i t e s p e c i f i c m u t a g e n e s i s a n d m o l e c u l a r m o d e l l i n g ( r e f . 1 8 ) . I t i s a l s o p o s s i b l e t o t r a n s p l a n t t h e h y p e r v a r i a b l e l o o p s a n d o b t a i n a c t i v e a n t i b o d i e s t o p r o t e i n a n t i g e n s ( r e f . 1 7 ) . U s i n g t h e a m i n o a c i d s e q u e n c e d e t e r m i n e d f o r t h e t h i r d a n t i b o d y s y s t e m -a S a l m o n e l l a g r o u p B s p e c i f i c a n t
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